Abstract
Introduction

Transforming growth factor (TGF-␤) represents a large family of growth and differentiation factors that regulate cell differentiation, proliferation, migration, motility, adhesion and apoptosis. TGF-␤ signalling pathway is activated upon ligand binding to types II and I transmembrane receptor serine/threonine kinase, which subsequently phosphorylates receptor-associated Smad proteins (Smad2 and Smad3). Smad2/3 forms heteromeric complexes
with Smad4. The complexes translocate to the nucleus and activate target genes [1, 2] [3, 4] . ␤-Spectrins (Spn), major dynamic scaffold molecules, are involved in the maintenance of cell shape, establishment of cell polarity and protein sorting [5, 6] . ELF, a ␤-spectrin, has been demonstrated to play a pivotal role in TGF-␤ signalling [7, 8] . It is involved in TGF-␤/Smad signalling pathway as an adaptor [7, 8] . ELF does not appear to interact with SARA or filamin [8] .
. Adaptor proteins, such as embryonic liver fodrin (ELF), Smad anchor for receptor activation (SARA) and filamin play a critical role in modulating the activity of receptorassociated Smad and Smad4 through the control of Smad access to TGF-␤ receptor
Liver fibrosis or cirrhosis, the ultimate pathological consequence of severe chronic liver damage, represents a major medical problem with significant morbidity and mortality worldwide. [9] [10] [11] . Of cytokines involved in liver fibrogenesis, TGF-␤1 is the most potent profibrogenic mediator [10, [12] [13] [14] [15] . [16, 17] . Inhibition of TGF-␤1 expression mediated by siRNA and ribozyme blocked ECM deposition [18, 19] [22, 23] bridging fibrosis, decreased in the regeneration of hepatocyte nodule (Fig. 1C) . Quantitative RT-PCR (Fig. 1D) [11] . First, we found that ELF expression increased significantly in activated HSCs in vitro compared with quiescent HSCs (Fig. S3) Fig. 2A) and Western blot (Fig. 2B) (Fig. 2C) and Western blot analysis (Fig. 2D) (Fig. 2F) . It indicated that ELF was not necessary for HSC proliferation.
TGF-␤1 transforms HSCs into myofibroblasts, which results in up-regulation of many ECM proteins and down-regulation of their degradation by matrix metalloproteinases and tissue inhibitor of metalloproteinases. Blockade of the TGF-␤ signal by dominant negative type II TGF receptor suppressed the development of dimethylnitrosamine-induced hepatic fibrosis
Real-time RT-PCR
Hepatocyte isolation
Primary hepatocytes were isolated by a two-step perfusion technique. Mice hepatocytes were isolated from the digested liver by centrifugation over Opti-Prep density Gradients
Results
ELF expression in cirrhotic liver
ELF expression in acute liver injury
Mice model of acute liver injury (ALI) was confirmed by alanine aminotransferase, aspartate transaminase (Table S1 ) and HE (Fig. S5) staining. Quantitative PCR (Fig. 3A) and Western blot (Fig. 3B) (Fig. 3C and D (Fig. 4A) 
) showed there was no difference in ELF expression between normal mice and ALI mice. It indicated that chemical-induced liver damage shown as hepatocellular necrosis and inflammatory infiltration had no effect on ELF expression in hepatocytes.
The relation between HPC expansion and the reduction of ELF expression in regenerative hepatocytes
As described earlier, we demonstrated that hepatic inflammatory reaction and chemical damage did not take any effect on the reduction of ELF expression in CCl4-treated mice. It indicated that ELF was involved in regeneration of hepatocytes nodule in cirrhotic liver. Immunostaining of CK19, a HPC marker revealed that a dramatic expansion of CK19-positive cell in cirrhotic mice compared with normal and ALI mice
4B). All these demonstrated that regenerative nodules of hepatocytes were derived from HPC expansion. To confirm the relation between HPC expansion and the reduction of ELF expression in regenerative hepatocytes, we performed the timeline-based study on hepatic expression of CK19 and ELF in CCl4-treated mice. After day 7, HPC activation assessed by CK19 staining was observed in damaged liver, either isolated or forming small clusters consisting of two to three cells; from day 14, CK19-positive cells were more numerous, forming clusters that contained an increasing number of cells (Fig. 4C and E). Although ELF expression in isolated hepatocytes from CCl4-treated mice decreased remarkably at day 28 (Fig. 4D and F). Thereafter, the reduction of ELF in regenerative hepatocytes over time was consistent with HPC expansion. All these indicated that activation of HPC occurred as an initial phase, before the reduction of ELF expression in regenerative hepatocytes, which was derived from HPC differentiation.
Increased proliferative activity in regenerative hepatocytes of cirrhotic liver
As shown in Figure 5A 
and B, increased PCNA expression was observed in all hepatic zone containing periportal region and regenerative hepatocyte. It indicated that regenerative hepatocytes possessed increased proliferative activity compared with the control. Then we examined the expression of CDK4, cyclin D1 and pRb. Western blot results showed the expression of CDK4, cyclin D1 and pRb increased in isolated regenerative hepatocytes with the reduction of ELF, assuming in alternation of G1/S checkpoint regulation (Fig. 5B). These results suggested that the loss of ELF in regenerative hepatocytes led to cell-cycle deregulation by alternation of G1/S checkpoint.
We transduced ELF siRNA into AML-12 cell, a murine immortalized hepatocytes [24] , and assessed AML-12 proliferation through BrdU incorporation. AML-12 showed increased proliferative response after efficient siRNA treatment (Fig. 5C) [23, 25, 26] . Previous studies demonstrated the involvement of ELF in TGF-␤ signal pathway [7, 8, 27] (Fig. 6B and C) . We also identified the ELF expression in AML-12 cell through immunofluorescence. ELF was localized in cytoplasm, and translocated into the nucleus after TGF-␤1 stimulation (Fig. 6D) . [12] [13] [14] [15] [28, 29] , peptides that recognize the collagen type VI [30] or platelet-derived growth factor receptors [31] and vitamin A-modified liposomes that were taken up by HSCs via the RBP receptor [32] . Specific promoter such as SMA promoter also delivered target gene into activated HSCs [33] Growing evidence [34] [35] [36] [37] [38] [39] [40] [41] . Ample evidence revealed that disruption of TGF-␤ signalling contributed to impaired differentiation of stem cell and allowed for the development of cancers [3, 4, 42] . Recent studies convinced that disruption in TGF-␤ signalling mediated by loss of ELF contributed to the progression towards carcinogenesis [27, 43, 44] . Genetic studies in mice found that 40 
. It suggested that ELF regulated hepatocyte growth through inhibiting hepatocyte proliferation. It was consistent with previous studies that demonstrated TGF-␤-induced growth inhibition and apoptosis in hepatocytes
Fig. 3 Hepatic expression of ELF in acute liver injury (ALI). (A) Real-time RT-PCR
Discussion
Given the findings that TGF-␤1 plays a crucial role in liver fibrosis, we investigated the expression of ELF, an adaptor of TGF-␤/Smad signalling in cirrhotic liver. In mice model of liver cirrhosis, upregulation of ELF expression in activated HSCs and down-regulation of ELF expression in regenerative hepatocytes of cirrhotic nodules were observed. Then we explored the mechanistic role of ELF in pathogenesis of liver cirrhosis; however, it is unsuitable to evaluate ELF function in pathogenesis of liver cirrhosis in vivo using non-selective knockout or transgenic mice because of the discrepancy in ELF expression between activated HSCs and regenerative hepatocytes in cirrhotic liver. First, we investigated the role of ELF in HSC activation. We have demonstrated that ELF contributed to HSCs activation and the production of procollagen I through the effect of ELF siRNA on characteristic of activated HSCs cultured in vitro. Genetic studies in TGF-␤1 transgenic, knockout and inducible transgenic mice showed that TGF-␤1 was responsible for up-regulation of ECM proteins and acceleration of HSC activation
. BrdU assay showed that the reduction of ELF expression did not inhibit proliferation of activated HSCs cultured in vitro, which indicated that ELF was not essential to HSCs proliferation. Of cytokines involved in fibrogenesis, platelet-derived growth factor is the most potent
